Abstract: Nonalcoholic fatty liver disease (NAFLD) is known to be associated with an increased risk of colorectal cancer (CRC). However, the relationship between NAFLD and the prognosis of CRC remains unclear. The primary objective of this study was to evaluate the overall survival (OS) and disease-free survival (DFS) rates in patients with CRC and the secondary objective was to compare clinicopathologic variables which were stratified by NAFLD.
INTRODUCTION
C olorectal cancer (CRC) is one of the most common cancers in the world and >1.2 million new cases are diagnosed each year. 1, 2 It is also the second leading cause of cancer mortality. 3 It has been confirmed that most cases of CRC develop slowly over >10 years through the adenoma-carcinoma sequence. 4 In China, the incidence and mortality from CRC have substantially increased at a higher rate in urban rather than rural areas over the past several decades. 5 Changes in dietary patterns and physical activity may contribute to the increasing risk of CRC. Other risk factors for the development of CRC, which include family history of the disease, inflammatory bowel disease, smoking, excessive alcohol consumption, obesity, and diabetes mellitus (DM), have all been proven to be associated with the development of CRC. [6] [7] [8] [9] [10] Therefore, it is necessary to identify risk factors, which may be associated with adverse outcomes in patients with CRC.
Nonalcoholic fatty liver disease (NAFLD) is a clinical syndrome characterized by predominant macrovesicular steatosis of the liver. 11 It is now recognized to be the most common chronic liver disease worldwide, affecting up to 20% to 40% of the population. 12, 13 The common most risk factors for acquiring NAFLD are obesity, DM, and hyperlipidaemia, which have been reported as predictable risks for CRC. [14] [15] [16] Recently, several cross-sectional studies have been conducted to understand the potential association of NAFLD with an increased rate of colorectal adenomas and cancer. 17, 18 Our previous study further confirmed that NAFLD is an independent risk factor for CRC, even after adjusting for metabolic and other demographic factors. 19 To date, there have been few studies investigating the potential impact of NAFLD on the prognosis of patients with CRC. Recently, one study found that the presence of NAFLD showed a favorable trend on survival rates in CRC patients, although the data did not reach statistical significance (P ¼ 0.079), perhaps in part due to the small number of patients (227 patients) and poor statistical power. 20 Therefore, we aimed to design a large and more statistically robust cohort study to investigate the impact of NAFLD on the prognosis of patients with CRC.
MATERIALS AND METHODS

Study Protocol
In this study, we included 1314 patients who underwent surgical resection of CRC at the First Affiliated Hospital of Wenzhou Medical University between January 2006 and April 2011. Patients with any history of other cancers, adolescents (<18 years' old), those with familial adenomatous polyposis syndrome of hereditary nonpolyposis CRC, viral hepatitis, cirrhosis, liver cancer, or other liver disease, patients who took medications that could cause fatty disease, or men who consumed >30 g of alcohol per day, and women who consumed >20 g/day over a 2-year period prior to diagnosis of NAFLD were excluded. 17, 21 Demographic, pre-operative laboratory, and pathologic data of all patients were collected from electronic medical records and reviewed. The research protocol was approved by the Ethics Committee of the First Affiliated Hospital of Wenzhou Medical University and informed consent was obtained from every patient.
Ultrasound Examination
Hepatic ultrasonography scanning (Siemens, Germany) was performed on all patients by 3 experienced sonographers who were blinded to the clinical details of the patients. The diagnosis of NAFLD was based on specific ultrasonographic features including hepatomegaly, diffusely increased echogenicity of liver parenchyma, and blurring of vasculature. 22 This diagnosis was reached after exclusion of viral hepatitis, cirrhosis, liver cancer or other liver disease, and excess alcohol consumption.
Data Collection
Data collection included history of smoking, alcohol consumption, history of DM and hypertension, surgical outcomes, clinicopathologic variables, chemotherapy administered, aspartate aminotransferase (AST) and alanine aminotransferase (ALT), high-density lipoprotein (HDL), low-density lipoprotein (LDL), fasting glucose, total cholesterol, and carcinoembryonic antigen (CEA). Body mass index (BMI) was calculated as weight (kg) in kilograms divided by height (m) in meters squared (kg/m 2 ). Subjects were defined as obese when their BMI was the same or >25 kg/m 2 . Patients with CRC were primarily treated by surgical resection with adjuvant chemotherapy for node-positive patients and node-negative patients with adverse pathological features according to the National Comprehensive Cancer Network guidelines. CRC tumor stage was defined on the basis of the American Joint Committee on Cancer staging system. Information regarding tumor location, TNM staging and histologic differentiation of tumors, and vascular invasion and treatment options was collected from pathological and colonoscopic sample analyses.
Patients were followed up in a postoperative outpatient schedule for every 3 to 6 months for 2 years, every 6 months thereafter for a total of 5 years and every 1 year thereafter. Colonoscopy and imaging with computed tomography (CT) were obtained at postoperative follow-up appointments in addition to blood analysis including CEA. Tumor recurrence such as suggested by elevated CEA, abnormal findings on colonscopy, or the CT scan was defined as an earlier followup event. Information on death was obtained either from the patient's social security death index, outpatient medical records, or notifications from the family of the deceased. The overall survival (OS) rates were calculated as the date of initial visit to the date of death or the date of last follow-up after the initial visit. DFS was defined as the time from surgery to the time of recurrence or date of last follow-up after surgery.
Statistical Analysis
Continuous variables were tested for normality by using the Kolmogorov-Smirnov test. Continuous data with a normal distribution were expressed as the mean AE standard deviation (SD) and compared using a standard t test. Otherwise, continuous data with non-normal distribution were compared using the Wilcoxon rank-sum test. Categorical variables were expressed as percentage and compared using the Chi-square test or Fisher exact test as appropriate. Kaplan-Meier survival curves with logrank tests and Cox proportional hazard regression analyses, recording patients at the time of last follow-up visit, were used to compare the OS and DFS rates. Variables with P < 0.1 in the univariate Cox regression analysis were progressed to a multivariate analysis using forward stepwise selection. All P values were 2-sided and a P value <0.05 was considered to be statistically significant. Statistical analysis was performed using SPSS version 19.0 software (SPSS, Chicago, IL, USA) and MedCalc version 13.0.0.0 (MedCalc Software, Mariakerke, Belgium).
RESULTS
Baseline Characteristics
A total of 1314 CRC patients were enrolled in this study. Of these, a total of 127 (9.7%) patients had NAFLD. Table 1 shows the baseline characteristics of the CRC patients with and without NAFLD. Upon baseline comparison, there were no statistically significant differences between the 2 groups with respect to sex, age, fasting glucose, total cholesterol, LDL, AST, creatinine, medical history of DM, and smoking habit. However, the NAFLD group had a significantly higher incidence of hypertension and obesity, higher values of BMI, triglyceride, and uric acid and lower values of HDL when compared with the non-NAFLD group (P < 0.05 for all, Table 1 ). Table 1 shows the tumor characteristics of the 2 groups according to the presence of NAFLD. There were no significant differences between the 2 groups regarding the location, TNM staging, tumor differentiation, and CEA. The modality of treatment was different between the 2 groups; notably more CRC patients without NAFLD underwent chemotherapy and/or radiotherapy than patients with NAFLD (P < 0.001).
Tumor characteristics and Treatment
Overall and Disease-free Survival Analysis
The mean follow-up time of the cohort was 52.7 AE 25.3 months. The mean follow-up time was 59.1 AE 23.6 months in the NAFLD group and 52.1 AE 25.4 months in the non-NAFLD patient group (P ¼ 0.003). During the follow-up period, observed patient survival was 79.5% (101/127) in the NAFLD group and 67.6% (802/1187) in the non-NAFLD group. As shown in Figure 1A , the difference between the 2 survival curves for the 2 groups was statistically significant (P ¼ 0.005). The cumulative 1-, 3-, and 5-year OS rates in the NAFLD group were 96.1%, 85.2%, and 80.6%, respectively, all of which were significant higher than OS rates of 91.6%, 76.2%, and 67.8%, respectively, in the non-NAFLD patient group (P ¼ 0.075, P ¼ 0.002, P ¼ 0.030, respectively).
During the mean follow-up period of 52.3 AE 26.8 months, freedom from recurrence was observed in 87 of 118 (73.7%) patients in the NAFLD group and 759 of 1095 (69.3%) in the non-NAFLD patient group (P ¼ 0.015). As shown in Figure 1B , the DFS curve of the NAFLD group was favorable when compared with that of the non-NAFLD group. However, the difference between the 2 curves was not statistically significant (P ¼ 0.267). The cumulative 1-, 3-, and 5-year DFS rates in the NAFLD group were 90.7%, 79.7%, and 75.6%, respectively, all of which were not statistically higher than the DFS rates of 87.3%, 76.0%, and 69.8%, respectively, observed in the non-NAFLD group. Univariable and multivariate Cox proportional hazard models were used to identify variables associated with OS and DFS in the study population and are presented in Table 2 . Fasting glucose, total cholesterol, creatinine, history of DM, hypertension, and obesity were not significant predictive factors for the prognosis of CRC patients as determined by univariate analysis. In the multivariate Cox analysis of OS, the presence of NAFLD, sex, age, TNM staging, tumor differentiation, HDL, LDL, and uric acid were independent predictive risk factors for the prognosis of CRC patients after adjustment for BMI, AST, ALT, tumor location, and vascular invasion (P < 0.05 for all, Table 2 ).
The presence of NAFLD, age, BMI, fasting glucose, triglycerides, AST, creatinine, the history of DM, and hypertension and obesity were not significant predictive factors for DFS of CRC patients as determined by univariate analysis. In the multivariate Cox analysis of DFS, sex, TNM staging, tumor differentiation, HDL, LDL, ALT, and uric acid were independent predictive risk factors for the prognosis of CRC patients after adjusting for total cholesterol and vascular invasion (P < 0.05 for all, Table 2 ).
Subgroup Analyses Associated With NAFLD
In the subgroup analyses, the treatment options had no direct impact on patient prognosis adjusting for NAFLD (Table 3) . However, the presence of NAFLD had a significant impact on OS in patients with stage II and stage III CRC (P ¼ 0.048, P ¼ 0.057, respectively), when stratified by TNM staging (Table 3 ). On consideration of the impact of BMI in the different ranges, multivariate analysis showed that BMI in the abnormal ranges (BMI <18.5 kg/m 2 and BMI !25 kg/m 2 ) had no impact on the prognosis of CRC patients after adjustment for NAFLD for all above covariates. However, the presence of NAFLD had a significant impact on the prognosis for patients with BMI in the normal range (18.5-24.9 kg/m 2 ) (P < 0.05) ( Table 4 ). In the NAFLD subgroup, the patients were stratified according to sex, TNM stage, tumor differentiation, age (<60 vs !60 years), HDL (<1.2 vs !1.2 mmol/dL), LDL (<3.0 vs !3 mmol/dL), uric acid (<300 vs !300 mmol/L), and CEA (<5 vs !5 ng/mL), respectively ( Figure 2) . Analysis of the risk factors of OS showed that there was only a significant difference in TNM staging (P ¼ 0.001) ( Figure 2C ).
DISCUSSION
This study shows for the first time that the presence of NAFLD may be an independent prognostic factor for the OS of CRC patients (hazard ratio [HR]0.593, P ¼ 0.020), but not for DFS. The presence of DM and BMI failed to show prognostic value in the multivariate analyses of OS and DFS. However, in patients stratified by quartiles of BMI, the subgroup analyses showed significant association between NAFLD and the prognosis in patients within the normal BMI range (18.5-24.9 kg/ m 2 ). To date, the prognostic effects of obesity in CRC remain unclear and recent studies have failed to find a significant association between BMI and CRC prognosis. [23] [24] [25] In a study of Asian populations, even among men with BMI 18.5 to 22.9 kg/m 2 , mild weight gains of 0.6 to 2.3 kg were associated with 38% to 73% increase in the risk for fatty liver disease. 26 This observation could, to some extent, explain the results of our study in patients within the normal BMI range. Contrary to the results from the previous studies suggesting a role for DM on CRC prognosis, 27-29 the present study failed to confirm that DM negatively impacted survival outcomes of CRC patients. When the patients were stratified by TNM staging, we found that the presence of NAFLD had a significant correlation with OS in tumor stage II and stage III. Taken together, this may imply that there was a tendency for protective power of NAFLD to decrease with an increase in TNM staging.
NAFLD is known to be associated with a higher risk of many extrahepatic cancers, including CRC. Several studies focused on different cancers have reported disparate findings. 30, 31 Recent studies have demonstrated that NAFLD was a risk factor for colorectal adenomas and advanced neoplasm [17] [18] [19] ; however, few studies have specifically focused on the impact of NAFLD on the outcomes of CRC patients. Until now, only 1 published study has examined the impact of NAFLD on the prognosis for CRC patients. 20 The results show that there was a favorable tendency for association in the CRC patients with NAFLD, although the presence of NAFLD had no statistically significant impact on the prognosis of CRC during follow-up (P ¼ 0.079). A further study suggested that NAFLD may play a protective role against biochemical recurrence after radical prostatectomy for prostate cancer (HR ¼ 0.36, P ¼ 0.004). 31 The possible molecular mechanisms underlying the effects of NAFLD on CRC are not completely understood, although there are some plausible hypotheses. First, insulin and insulinlike growth factors (IGFs), especially IGF-1, may play a key role in CRC carcinogenesis through their proliferative and antiapoptotic effects. A meta-analysis of 19 studies demonstrated that elevated circulating IGF-1 levels were significantly associated with CRC risk (odds ratio ¼ 1.25, 95% CI 1.08-1.45 for IGF-1). 32 Furthermore, multivariate analyses indicated that expression of IGF-1, detected as either IGF-1 mRNA in cancer tissue or by measurement of serum concentrations of IGF-1 protein (after adjusting for clinicopathologic factors, P < 0.05), 33 was a risk factor for prognosis in CRC patients 34 . In support of these findings, it is recognized that the liver is the main site of circulating IGF-1 in humans and that several studies have suggested that NAFLD is associated with low circulating levels of IGF-1. 35, 36 These observations may explain, at least to some extent, why NAFLD is negatively associated with poor prognosis of CRC patients. Second, adiponectin and leptin, which are potential key mediators of many biochemical mechanisms, were significantly decreased and increased respectively in NAFLD patients and also in CRC patients. [37] [38] [39] [40] Different functional adiponectin polymorphisms may lead to a different outcome and 1 meta-analysis has indicated that the adiponectin polymorphism rs2241766T/G rather than rs1501299G/T, rs266729C/G, rs822395A/C, and rs822396A/G polymorphisms was associated with the risk of developing CRC. 41 A further meta-analysis has suggested that adiponectin þ45T > G and À11377C > G polymorphisms may be a risk factor for NAFLD, whereas þ276G > T polymorphism may be a protective factor for NAFLD among Asians. 42 With respect to the potential impact of adiponectin and leptin on the prognosis of colorectal cancer, low serum adiponectin may represent an exploratory biomarker in risk prediction for CRC recurrence and the leptin/ adiponectin ratio may be an important independent predictor for adverse outcome in CRC. 43, 44 Interestingly, the levels of adiponectin and leptin both increased significantly after patients with advanced CRC received chemotherapy. 45 Furthermore, patients with NAFLD may have had more opportunities for therapeutic intervention and had to adjust their level of adipose tissue function, an essential factor for patients to achieve a good survival prognosis. In summary, further studies are needed to confirm the effects of different levels of adiponectin and leptin on the prognosis of CRC patients with NAFLD, especially in Asian populations.
The present study has several limitations. First, we used abdominal ultrasonography as a noninvasive mode for the diagnosis of NAFLD, whereas liver biopsy as an invasive procedure is regarded as the gold standard. However, mean sensitivity estimates for ultrasonography ranged from 73.3% to 90.5%, and the mean specificity range was 69.6% to 85.2%, suggesting that the use of this noninvasive modality may have the potential to become the diagnostic test of choice for NAFLD rather than liver biopsy. 46 Secondly, the retrospective design and relatively small number of NAFLD patients (n ¼ 127) may represent a further limitation of our study. However, this limitation may be negated by our analyses of the patient subgroups, which are based on BMI, treatment options, and tumor stages. A further limitation may be the retrospective design, which could introduce selection bias, and our conclusions may only be applied to an Asian population. Future studies are needed to prospectively address the influence of different ethnic groups on the conclusions of our study.
In summary, the results of this study show that the presence of NAFLD may play a protective role against the prognosis of OS in CRC patients. Further studies are needed to understand the biochemical mechanisms, which may explain this protective effect against CRC in patients with NAFLD.
